ABSTRACT: Numerous species of the genus Streptomyces, on the appropriate cultivation medium in the process of submerged biosynthesis, as a product of the secondary metabolism, and under aerobic conditions synthesize pharmacologically active compounds. The aim of presented study was optimization of different nitrogen sources in the cultivation medium for the production of antimycotics using a strain of Streptomyces spp. isolated from the environment. Experiments were carried out in accordance with Box-Behnken design with three factors at three levels (peptone: 3.0 g/l, 7.0 g/l and 11.0 g/l; yeast extract: 1.0 g/l, 3.0 g/l and 5.0 g/l; soybean meal: 5.0 g/l, 15.0 g/l and 25.0 g/l) and three repetitions in the central point. Cultivation mediums were analyzed for determination of residual sugar, residual nitrogen, pellet diameter and RNA. Also, antimycotic activity of the obtained cultivation mediums was determined using diffusion disc method on the Aspergillus spp. as the test microorganism. For the optimization of selected parameters, a Response Surface Methodology was used and the obtained data were analyzed using the software package DESIGN EXPERT 8.1. Achieved model with a coefficient of determination (R) of 0.952 predicted that the maximum inhibition zone diameter (24.0 mm) against microorganism Aspergillus spp. and the minimum amount of residual sugar (0.551528 g/l) under applied experimental conditions was produced when the contents of varied nitrogen sources were: peptone 11.0 g/l, yeast extract 4.32 g/l and soybean meal 25.00 g/l.
INTRODUCTION
Streptomycetes and related actinomycetes continue to be prolific sources of novel secondary metabolites with a range of biological activities that may ultimately find application as pharmaceutically useful compounds (B i b b, 2005) . Antibiotic biosynthesis is a specific property of microorganisms and depends greatly on culture conditions. It is necessary to develop optimum conditions to make the production of an antibiotic feasible. The ability of Streptomyces cultures to form antibiotics is not a fixed property but can be greatly increased or completely lost under different conditions of nutrition and culturing, hence the medium constitution together with the metabolic capacity of the producing organism greatly affect antibiotic biosynthesis (W a k s m a n, 1961).
Fungal phytopathogens cause serious problems worldwide in agriculture and food industry and many of them produce mycotoxins which are harmful to humans and livestock (O s k a y, 2009). Fungal infections are caused by eukaryotic organisms and for that reason they generally present more difficult therapeutic problems than bacterial infections do. In fact, there are relatively few agents that can be used to treat fungal infections. New fungicides are needed in agriculture, food protection, and medicine due to the increase in resistant pathogens, occurrence of new infectious diseases and the toxicity of currently used compounds (V a l a n a r a s u et al., 2010). According to the reviewed literature, many strains of Streptomyces isolated from different environments, showed strong antifungal activity against different fungal pathogens with broad spectrum of antibacterial activity (S i n g h and R a i 2012; V a l a n a r a s u et al., 2010; A t t a, 2012; A l -A s k a r, 2011).
Response Surface Methodology (RSM) is a collection of statistically designed experiments and analyses that directs the investigation of numerous factors and their interactions. This approach minimizes the number of probes required to identify critical factors and possible synergism between factors. In this research, an antifungal antibiotic was produced by Streptomyces spp. isolated from the environment. The aim of this paper was to optimize the contents of peptone, yeast extract and soybean meal as nitrogen sources, by applying RSM in the cultivation medium for the antimycotic biosynethesis.
MATERIAL AND METHODS
As the production microorganism, strain of Streptomyces spp. isolated from the environment, was used in this experiment. The medium for the growth of microorganisms had the following characteristics (g/l): glucose (15.0), soybean meal (10.0), CaCO 3 , (3.0), NaCl, (3.0), MgSO 4 , (0.5), (NH 4 ) 2 HPO 4 , (0.5), K 2 HPO 4 , (1.0) (Ilic et al., 2010) . In accordance with the defined aim and experimental plan of the study the mediums for the biosynthesis of antimycotic had different contents of peptone (3.0 g/l; 7.0 g/l and 11.0 g/l), yeast extract (1.0 g/l; 3.0 g/l and 5.0 g/l) and soybean meal (5.0 g/l; 15.0 g/l and 25.0 g/l). Mediums also contained (g/l): glucose (15.0), (NH 4 ) 2 SO 4 (5.0), CaCO 3 (3.0), NaCl (3.0), MgSO 4 (0.5), K 2 HPO 4 (1.0). The pH value of the mediums was adjusted to 7.2 ± 0.1 prior to autoclaving. The biosynthesis of antimycotic was carried out in an Erlenmeyer shake flasks containing one third of the cultivation medium. The inoculation was performed by adding 10 % (v/v) of inoculums prepared under aerobic conditions, on growth medium, at 27°C for 48 h and agitation rate of 150 rpm. Cultivation on mediums for antimycotic biosynthesis was carried out under aerobic conditions with external mixing (laboratory shaker, 150 rpm) at a temperature of 27°C for 7 days.
At the end of the cultivation, depending on the requirements of applied analytical method, the sample was or was not processed before measuring. The separation of solid from liquid phase in the cultivation medium was carried out by centrifugation at 10.000·G for 10 minutes (Eppendorf Centrifuge 5804, Germany). Diameters of pellets were determined by microphotography analysis using the Leica QWin software. Microphotographs were taken using an optical microscope (Carl Zeiss, Germany) with 10 x enlargement. Since the pellets were approximately elliptical, diameter of the pellets was calculated as equivalent to the diameter of a circle which area was identical to the area of an ellipse that represented a two-dimensional projection of the measured pellet. The RNA content was determined from the cultivation sediment by a modified method of M u n r o and F l e c k (1966) . The content of reduced sugars was determined in the liquid phase of cultivation fluid, using the method with dinitrosalicylic acid (DNS) (M i l l e r, 1959). Total nitrogen content, in the supernatant of cultivation medium, was determined by the Kjeldahl method (C o h e n, 1926). After centrifugation, liquid phase was evaporated with rotary vacuum evaporators (Ika-werke, Staufen), so the final sample weight was 1/10 of the initial mass of the supernatant. The antimycotic activity of obtained cultivation medium supernatants against Aspergillus spp. was tested by the diffusion -disc method using sterile discs (HiMedia, India) and volume of analyzed samples was 10 μl (Bauer, 1966) . Sabouraud agar (Torlak®) was used for the growth of test microorganism. After incubation at 30° C for 48 hours, the inhibition zones were measured by a special ruler (HiAntibiotic ZoneScale, Himedia ®).
When applying the RSM, the selection of a corresponding experimental plan is a key step (F e r r e i r a et al., 2007). The Box-Behnken experimental design with three factors at three levels and three repetitions in the central point was used to test the effects of different contents of nitrogen sources in antimycotic production. Table 1 represents Box-Behnken experimental plan and the range and levels of the variables investigated in this study.
Statistical analysis of the obtained experimental data was performed using STATISTICA 9.0 software. The significance of the impact of each of the factors and their interactions were determined by comparing the t-value of each coefficient in the regression equation. Response surfaces were drawn with a constant value of one of the parameters at the center of the plan, while remaining two parameters were varied. For optimization of parameters, method of desired (required) function was used and obtained data was analyzed using the software package DESIGN EXPERT 8.1. 
RESULTS AND DISCUSSION
Antimycotic biosynthesis media were formulated by varying content of different nitrogen sources, peptone, yeast extract and soybean meal, in accordance with the aim of this paper and applied experimental plan. The results of 15 experiments based on the Box-Behnken design with three factors at three levels and three repetitions in the central point, presented in Table 1 Table 2 .
In addition to the results of determination required by the experiment plan, levels of sugar and nitrogen conversions are also shown. These values were calculated based on the initial contents of sugars in the medium (15.0 g/l) and the residual sugar content, as well as the estimated initial content of nitrogen in the medium and the residual nitrogen content. Calculation of initial nitrogen content was based on nitrogen amounts in the used nitrogen sources determined by Kjeldahl method (peptone, 129.5 mg/g; yeast extract, 89.32 mg/g; soybean meal, 75.46 mg/g).
The level of sugar conversion (Table 2) was high (over 90 %) for all observed combinations of organic nitrogen sources, so it could be concluded with high probability that sugar was the limiting nutrient in this process. The highest value of sugar conversion (98.82 g/l) was achieved in the medium which contained the lowest amount of soybean meal (5.0 g/l). The level of sugar conversion was the highest in mediums in which the sum of all added nitrogen sources was average.
The level of nitrogen conversion in all observed combinations of organic nitrogen source contents was less than 50%. This indicated that the amount of organic nitrogen source was too high, which is unjustifiable from the aspect of losses due to raw material costs and their preparation, complicated separation and purification processes and organic load on effluents.
The results of experiments based on the Box-Behnken plan were fitted into a second degree polynomial. Results of the fitted selected responses (regression coefficients), their significance and coefficients of determination are shown in Table 3 . A p-value is used to assess the statistical significance for each coefficient of the regression equations. Regression coefficients, with a significance of 95 %, are significant if the value of their significance coefficients (p-value) is less than 0.05 and they are bolded in the table.
High values (over 0.900) of the coefficients of determination (R) indicate good fitting of experimental results on pellet diameter, residual sugars, residual nitrogen, RNA and inhibition zone diameters for test microorganism Aspergillus spp.
In the residual sugar model all quadratic regression coefficients were significant, as well as peptone and yeast extract coefficients of interaction. Linear regression coefficients of the initial contents of peptone and yeast extract, as well as peptone and yeast extract coefficients of interaction were significant for the residual nitrogen model. In the pellet diameter model coefficients for the initial contents of peptone and yeast extract were significant, as well as quadratic coefficient for peptone, yeast extract and soybean meal coefficient of interaction. Linear regression coefficients of yeast extract and their quadratic coefficient, as well as peptone and soybean meal coefficient of interaction were significant for the RNA model. Linear regression coefficients of yeast extract and its quadratic coefficient, as well as all coefficients of interaction were not statistically significant in the model of inhibition zone diameter of Aspergillus spp.
Optimization of production medium for antimycotics effective against Aspergillus spp.
The final goal of the application of the response area procedure was the optimization of the observed process so that the developed models could be used for simulations and optimizations. Observed responses were residual sugar and inhibition zone diameter for test microorganism. Residual sugar was minimized, while the inhibition zone diameter was maximized. A model with a coefficient of determination (R) of 0.952 predicted that the maximum inhibition zone diameter (24.0 mm) against microorganism Aspergillus spp. and the Diameter of inhibition zone for Aspergillus spp., with a constant content of soybean meal (25.0 g/l), as presented in Figure 1 , decreased with the decrease of peptone content in the medium. With constant content of peptone the response did not change significantly when changing the yeast extract content, and it resulted in small values of peptone content. By changing the peptone content, with constant content of yeast extract, the response value was affected with small concentrations of yeast extract. For the biosynthesis of antimycotics effective against Aspergillus spp., when the content of soybean meal in the medium was optimal, the highest concentration of peptone was needed (about 11.0 g/l) while the yeast extract content had no effect.
Estimation of response value based on optimal values of independent variables
Based on the optimal values of independent variables (contents of peptone, yeast extract and soybean meal) estimated by optimization and values derived by using the second degree polynomials defined by statistical analysis of experimental data, the values of dependent variables (residual sugar and nitrogen, pellet diameter, RNA and diameter of inhibition zone) were calculated. The results are shown in Table 4 Results in Table 4 show that the optimum content of peptone in the medium for the biosynthesis of antimycotics that affect Aspergillus ssp., under the applied experimental conditions was 11.0 g/l. Optimum contents of yeast extract and soybean meal were 4.32 g/l and 25.0 g/l, respectively. Estimated values of residual sugar and diameter of inhibition zone for the applied test microorganism were very close to the values predicted by optimization (Table 5) , which indicated that the model developed by applying the response surface function was adequate.
CONCLUSION
Based on the results of the present study, a model with coefficient of determination 0.952 estimated that the lowest amount of residual sugar 0.551528 g/l and the largest possible diameter of inhibition zone of 24.0 mm, with its antimycotic activity against test microorganism Aspergillus spp. and under the applied experimental conditions yielded a cultivation medium containing 11.0 g/l peptone, 4.32 g/l yeast extract and 25.0 g/l soybean meal. Based on the obtained results, a model developed using the response surface methodology is valid since the estimated values of residual sugar 0.5512 g/l and inhibition zone diameter of 24.0 mm were very close to the predicted values (0.551528 g/l and 24.0 mm, respectively).
